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Abstract 
Aeolian vibration of overhead groundwires is intense in transmission lines located in flat and windy areas; this easily 
leads to line failure as a result of material fatigue. To suppress the aeolian vibration of lines located in the Hexi 
corridor, new dampers and damping wires for groundwires were developed and configured, based upon analysis of 
the characteristics of aeolian vibration. Simulation tests were conducted according to the energy balance principle 
(EBP), and field vibration tests were also performed. The test results showed that the dampers meet the requirements 
of the prescribed standard. The efficiency of the vibration suppression of these new devices was verified, and the 
devices were successfully applied to 750kV transmission lines. These new types of vibration suppression devices 
offer easy installation, slip resistance, and a satisfactory vibration suppression effect, so they can be widely used in 
future transmission line projects. 
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1. Introduction 
Aeolian vibration caused by wake shedding under steady wind conditions is one of the most common 
forms of vibrations that affect transmission lines. It is characterized by high frequency, small amplitude, 
and long duration, and it easily leads to line failure as a result of material fatigue [1]-[3]. The frequency of 
aeolian vibration is related to the wire diameter and wind speed, and its intensity is related to the wind 
speed, wind turbulence intensity, and wire damping, among other factors [4] [5]. Since Aeolian vibration 
was discovered in the 1930s, dampers have been the most common devices used for vibration suppression, 
and they usually produce good vibration suppression effects [6]-[8]. EHV lines usually have bundle 
conductor and spacer dampers, and the level of aeolian vibration is usually low because of the damping 
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effect of the spacer dampers [9][10]. In contrast, with higher suspension point and single form, the level 
of aeolian vibration in groundwires is higher than that in a bundle conductor, which makes the 
suppression of vibration in groundwires the most important issue for EHV lines. 
The Hexi corridor is a flat, open terrain that has little vegetation, windy days, and steady, uniform 
wind speed, environment in which the aeolian vibration of transmission lines is quite strong. For this 
reason, line failure, such as slipping of the damper’s clamp or groundwire breaking, regularly takes place 
in the region’s many 330kV transmission lines. Because of the higher suspension point (a height of 70–
100 m) and larger span of the new 750kV lines, the aeolian vibration of the groundwire will be longer 
lasting and of greater amplitude than it is in other lines. Because long-term operation will lead to material 
fatigue as a result of excessive vibration, the security and stability of these lines will face a serious threat. 
It is therefore necessary to study vibration suppression in the groundwires of 750kV lines and develop 
new means of implementing this necessary protection. 
2. Development of New Vibration Suppression Devices 
2.1. Characteristics of aeolian vibration of groundwires 
The aeolian vibration of groundwires takes place in a wide frequency range of 6.3 Hz to 111 Hz, 
depending on the statistical wind speed and groundwire parameters. In other words, any steady wind can 
cause aeolian vibration at a corresponding frequency.  
Aeolian vibration is characterized by a long duration. Experience with terrain and weather have shown 
that in lines located in flat and windy areas, there can be intense vibration at any moment.  
2.2. Dampers with preformed clamps 
In general, FG-type dampers have been used on groundwires on EHV transmission lines, as shown in 
Fig. 1. The clamp grips the groundwire by means of an armor plate, which gives rise to the following 
issues regarding its operation. 
                        
Fig. 1. Typical FG-type damper                                                                 Fig. 2. New preformed clamp for groundwire 
Conventionally dampers cannot suppress aeolian vibration effectively. Because an FG-type damper 
has two resonance frequencies for its symmetrical weights, its frequency range is so narrow that it cannot 
cover the entire frequency range of aeolian vibration. The damper does not play a role when the vibration 
frequency of the groundwire exceeds the frequency range in flat and windy areas. The groundwire at the 
clamp exist node and fatigue breakage occurs. 
An FG-type damper grips the groundwire by means of a steel plate and bolt. In windy areas, the 
clamps slip easily because of the intense vibration, and continuous wear fretting ultimately causes 
breakage. 
Dampers with a better designed structure and that operate in a greater frequency range need to be 
developed as a replacement for FG-type dampers. To meet the special requirements of vibration 
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suppression in the Hexi lines, two types of damper with a preformed clamp were developed. First, the 
frequency range was calculated according to the line parameters and weather. Second, basing on 
experiences and theory the dampers were designed  [11] [12], Third, type tests were performed and 
optimization was realized. The new type of damper equipping with anisomerous weights and message 
cable, has four resonance frequencies that provide effective distribution. A photograph of the new type of 
damper is shown in Fig. 2. 
The preformed clamp grips the groundwire from the bottom by preformed armor rod, which makes it 
convenient, firm, and slip-resistant. Because the new clamp prevents stress concentration by preformed 
armor rod instead of a bolt, it can reduce dynamics bending strain at the clamp. 
Three types of groundwire were used in the 750kV Hexi lines: zinc-coated steel wire 1×19-13.0-1270-
B (GJ-100), aluminum-clad steel wires JLB20A-100 and JLB20A-150. Because these wires have two 
different diameters, two types of damper, FR-3 and FR-2, were designed. Their resonance frequencies are 
shown in Table 1. 
Table 1. Resonance frequencies of dampers 
Type of damper Mass (kg) 
Frequency (Hz) 
f1 f2 f3 f4 
FR-2/16Y 
(FR-2/13Y) 2.43 19.5 29.5 70.5 97.8 
FR-3/16Y 
(FR-3/13Y) 3.72 12.6 22.6 57.6 72.3 
2.3. Damping wire with preformed clamp 
Considering that the vibration suppression effects of single damper will diminish after long operation 
in an area of intense aeolian vibration, the device’s combination of damper and damping wire gives it a 
high degree of reliability. Because the damping wires have the characteristics of a wide frequency range 
and vibration resistance, they have long been used in large crossings [13]. Such a combination device 
integrates the excellent properties of damper and damping wire with a wide frequency range that can 
handle all potential wind speeds. In addition, the damper located in the wire can work continually because 
of its relatively gentle vibration [14]. 
With a similar damper, a damping wire that is composed of aluminum conductor steel reinforced LGJ-
300/25 grips the groundwire by means of preformed armor rod. Most large crossings have used vibration 
suppression devices that combine dampers and damping wires; this has proven to be satisfactory because 
of their high degree of reliability and low maintenance requirements. For areas with more intense aeolian 
vibration, vibration suppression devices that combine dampers and damping wires have been 
recommended to ensure the stable operation of transmission lines. 
3. Testing of New Vibration Suppression Devices 
3.1. Type test of preformed damper 
To examine the performance of two kinds of dampers, type tests were conducted according to the 
DL/T 1099-2009 technical requirements and tests for damper [15]. The items tested include mechanical 
strength, power characteristics, and vibration fatigue, and the test results meet the requirements of the 
standard. The power characteristics curves are shown in Fig. 3, in which it can be seen that each damper 
has four resonance frequencies. Through the combination of the two kinds of dampers, eight frequencies 
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can be obtained that cover the entire frequency range. 
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(a) FR-2 type damper                                             (b) FR-3 type damper 
Fig. 3. ower characteristics curves of dampers 
3.2. Evaluation of vibration suppression effect 
The distance between a damper and the suspension clamp is 0.9 times of half wavelength. The 
calculation results based on the upper wind speed limit of 7 m/s are shown in Table 2. 
Table 2. Calculation results of distance between damper and suspension clamp  
Type of 
 groundwire 
Unit 
mass 
(kg/m)
Dia- 
meter
(mm)
Everyday 
tension 
(kN) 
Distance from 
clamp 
(0.9 times of half 
wavelength) 
(m) 
JLB20A-150 0.989 15.75 32.14 (18% RTS) 0.90 
JLB20A-100 0.674 13.0 21.90 (18% RTS) 0.75 
1×19-13.0-
1270-B (GJ-
100) 
0.803 13.0 23.06 (20% RTS) 0.71 
For the sake of consistency in the installation of JLB20A-100 and GJ-100, a distance of 0.75m was 
also selected for the groundwire GJ-100. 
The aeolian vibration simulation tests were conducted on a test span, as shown schematically in Fig. 4. 
The groundwire was installed at a typical tension, and the vibration was excited by a dynamoelectric 
shaker at the end of the span. The self-damping characteristics were measured according to IEEE Std 
563:1978 [16], afterwards, the vibration suppression devices were installed on the groundwire. The 
vibration intensity was measured at various resonance frequencies, and the vibration level of the actual 
line was calculated according to the energy balance principle (EBP) [17] [18]. Two kinds of devices were 
installed on the groundwire, as shown in Fig. 5 and Fig. 6. 
固定墩块
振动台
防振装置（防振锤） 调长装置 拉力传感器试验导线
  
Fig. 4. Schematic diagram of aeolian vibration test of groundwire 
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Fig. 5. Single damper on the test groundwire                                      Fig. 6. Vibration suppression devices combining damper  
and damping wire on the test groundwire 
The endurance limit of dynamic bending strain is not uniform in various countries [19]. In China, the 
limits are 300 μm/m and 200 μm/m (single peak) for zinc-coated steel wire and aluminum-clad steel wire, 
respectively. The maximum strains after the installation of vibration suppression devices are presented in 
Table 3. 
Table 3. Maximum strains of groundwire after installation of vibration suppression devices 
Type of 
ground-
wire 
Line 
circuit  
Span 
(m) 
Vibration 
suppression 
devices 
Maximum 
strains 
(single peak) 
(μm/m) 
GJ-100 Single 
L < 300 One damper 43 
300 ≤ L < 700 Two dampers 107 
700 ≤ L< 1000 Three dampers 203 
JLB20A
-100 Double 
L < 300 One damper 47 
300 ≤ L < 700 Two dampers 73 
700 ≤ L < 1000 Three dampers 131 
JLB20A
-150 Double 
L < 300 Two dampers 39 
300 ≤ L < 1000
One damper 
and damping 
wire 
65 
3.3. Field testing of aeolian vibration 
Field testing of the aeolian vibration of lines is a necessary step in the development of new devices 
[20]. To check the actual effects of vibration suppression devices on 750kV lines, field tests were 
conducted on two lines according to IEEE Std 1368:2006 [21]. The test results indicate that the maximum 
bending strain of JLB20A-150 is 97 μm/m. This is clearly less than the prescribed limit and thus confirms 
that the devices produce a satisfactory vibration suppression effect. 
4. Application of New Vibration Suppression Devices 
According to the performance characteristics of the groundwire damper and preformed damper, 
combined with experience in the installation of groundwire dampers [22], the new vibration suppression 
devices were installed in accordance with the following principles. 
1) For groundwires in single-circuit lines, one FR-2 damper was disposed on each side of the span on 
spans less than 300 m; one FR-2 and one FR-3 damper on spans of 300m to 700m; and one FR-3 damper 
and two FR-2 dampers on spans more than 700 m. The distance between adjacent dampers was 0.75 m, 
with an equal distance between installed dampers. 
2) For groundwires in double-circuit lines, one FR-2 and one FR-3 damper were installed on spans less 
than 300 m, and devices that combined damper and damping wire were installed on spans more than 300 
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m. 
The device that combines a damper and a damping wire of a groundwire on a double-circuit line is 
shown in Fig. 7. 
 
Fig. 7. Device combining damper and damping wire of groundwire on double-circuit line 
The new groundwire vibration suppression device was installed extensively on 750kV Wusheng–
Dunhuang lines. New preformed dampers and combination devices were installed on the double-circuit 
lines, and new dampers were installed on most single-circuit lines. In total, more than 12 000 sets of 
preformed dampers and more than 500 sets of combination lines were installed on 750kV lines. 
5. Conclusion  
The new vibration suppression device has been extensively installed in 750kV Wusheng–Hexi–
Jiuquan– Dunhuang lines. It has been shown that the two types of vibration suppression devices have 
produced satisfactory effects in an indoor aeolian vibration simulation test. The scientific validity of the 
simulation was verified by field testing of aeolian vibration on an actual line on which the new vibration 
suppression devices were installed. The results showed that these new vibration suppression devices can 
suppress the groundwire aeolian vibration to a lower level to ensure the long-term and stable operation of 
the groundwire. Spot construction proved that the new dampers offer convenience of installation, and that 
they hold firmly, do not slip easily, and can reduce the maintenance workload. The research results for 
750kV groundwire vibration suppression are applicable not only to 750kV transmission lines, but also to 
other EHV transmission lines. In particular, the developed devices are directly applicable to the Xinjiang 
UHV power transmission lines that were incorporated into the Twelfth Five-Year Plan. These devices 
therefore offer the prospect of broad application in EHV and UHV transmission lines. 
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